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Abstract_ 

This research examined how a teacher’s discussion of the strands of scientific 
proficiencies changed over the course of an inquiry cycle as students engaged in 
a complex, technology-enhanced inquiry learning environment called 
PlantingScience (PS). Our research is descriptive in nature and attempts to 
deconstruct the complexity of teacher talk in the classroom as related to the 
strands of science proficiency. For this study, we used an exploratory sequential 
mixed methods design. First, the research team watched twenty recorded PS 
science lessons, transcribed the teacher’s comments about inquiry, and identified 
each class/lab’s phase of inquiry. Then, the research team coded the teacher’s 
transcribed inquiry comments. By using both the scientific proficiency and 
inquiry lenses to examine one teacher’s orchestration, our findings detail the art 
of teacher talk for promoting the four strands of scientific proficiencies through 
the phases of inquiry. As students transitioned through each phase of inquiry, the 
teacher emphasized the strands of scientific proficiency differently, but all 
strands were present. Since teachers play a vital role in developing students’ 
understanding of science as both content and practice, this research helps 
recognize and describe strategies promoting greater scientific proficiency in 
students. 


Introduction 

Facilitating discussions is an art... (Pimentel & McNeill, 2013, p. 386) 

Research, policy and curriculum emphasizing what students need to do to learn science puts a focus on authentic 
science practices (Duschl, 2008). These are practices “that are integral to the core work of science.. .core work is 
not intended to represent specific activities that all scientist engage in, rather it is conceptualized around an 
epistemology of scientific knowledge held by the scientific community” (Windschitl, Thompson, & Braaten, 
2008, p. 943). In addition, the National Research Council (NRC; 2012) supports the idea that authentic science 
practices focus on a core of ideas that must be understood and “acquiring skills in these practices supports a 
better understanding of how scientific knowledge is produced.. .[it] will help students become more critical 
consumers of scientific information” (NRC, 2012, p. 41). Due to new perspectives regarding authentic science 
practices, science education is currently undergoing a major transition toward incorporating the Next Generation 
Science Standards (NGSS; Achieve, 2013). Stakeholders in science education expect science teachers to 
incorporate these practices through appropriate strands of scientific profiencies in the complex science learning 
environments (Cavlazoglu & Stuessy, in press; NRC, 2014). The role of science teachers, therefore, has become 
more diffucult requiring successful orchestration of students learning process in these environments (LeBlanc, 
Cavlazoglu, Scogin, & Stuessy, 2015). However, research examining how teachers incorporate authentic science 
practices through the strands of scientific profiencies in complex science learning environments (e.g., 
PlantingScience [PS] inquiry learning platform) is limited. 

The changes in science education over the past several years have led to continued struggles for teachers as they 
attempt to orchestrate productive science talk in their classrooms (Pimentel & McNeill, 2013). Teachers who 
struggle with orchestration have students who struggle with scientific understanding. “The interactions between 
teachers and students in individual classrooms are the determining factor in whether students learn science 
successfully” (NRC, 2012, p. 255). Teachers orchestrate and insure students understand science through 
promoting authentic science practices, including promoting scientific proficiency throughout the inquiry cycle. 
New research initiatives, therefore, should focus on “making visible” the complex and dynamic practices 
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teachers enact in orchestrating inquiry learning environments (Viilo, Seitamaa-Hakkarainen, & Hakkarainen, 

2012). 

To date, much of the research on teacher orchestration has focused on teacher questioning during inquiry 
(Louca, Zacharia, & Tzialli, 2012; Oliveira, 2010; Roth, 1996). However, if students are to participate in 
authentic scientific practices and become critical consumers of scientific information, teachers must scaffold the 
students’ development of scientific proficiencies in ways that go beyond simple questioning. Effective science 
teachers balance procedural knowledge, knowledge from the field of science, and content knowledge through 
orchestration of authentic science practices. This balancing act becomes a form of art - the art of teacher talk. 
Teacher talk requires practice and support as teachers learn to create balanced science discourse systems through 
prompts, questions, and encouragement. 

Since inquiry is a specific science practice useful for conveying the scientific proficiencies (Achieve, 2013; 
NRC, 2012), our research seeks to examine how one teacher scaffolds the scientific proficiencies through a 
complete inquiry cycle. While some research has historically focused on the crucial importance of “teacher 
structuring and questioning” to encourage students “to be thoughtful about the substantive aspects of inquiry” 
(Krajcik et ah, 1998, p. 313), we seek to examine the intersection of scientific proficiencies and inquiry in the 
classroom because “in a society where science increasingly permeates the daily discourse, some understanding 
of its underlying epistemic values, methods, and institutional practices is essential if the citizen is to engage with 
the issues confronting contemporary society” (Osborne, Collins, Ratcliffe, Millar, & Duschl, 2003, p. 694). 


Conceptual Framework 

Our conceptual framework is based on two research themes prevalent in science education: the four strands of 
science proficiencies (Duschl, Schweingruber, & Shouse, 2007; Michaels, Shouse, & Schweingruber, 2008; 
NRC, 2012) and the phases of inquiry (Etheredge & Rudnitsky, 2003; Krajcik, Blumenfield, Marx, & Soloway, 
1998; Chinn & Malhotra, 2002; Aulls & Shore, 2008). Both concepts are deeply connected to helping students’ 
understanding of authentic scientific practices. The strands of scientific proficiencies focus on “what is learned 
during the study of science” (Michaels et ah, 2008, p. 18) and “inquiry instruction must emphasize the how of 
science” (Etheredge & Rudnitsky, 2003, p. 19). These themes, the what and how in authentic science learning, 
are interrelated concepts focusing on either epistemic or process knowledge. Both provide a framework for 
authentic science - describing how it can be enacted and describing the teachers’ role in enacting specific 
science practices. The scientific proficiency strands and the inquiry phases are intertwined, iterative and are not 
meant to be a linear set of processes. Looking at both scientific proficiencies and inquiry phases is useful 
because “science is not just a body of knowledge that reflects current understanding of the world; it is also a set 
of practices used to establish, extend, and refine that knowledge. Both elements - knowledge and practice - are 
essential” (NRC, 2012, p. 26). 


The Four Strands of Scientific Proficiencies 

As students learn to engage in the process of doing science, their understanding of scientific knowledge is 
strengthened. What is learned in the study of science is framed by the strands of science proficiencies which 
include: (1) understanding scientific explanations, (2) generating scientific evidence, (3) reflecting on scientific 
knowledge, and (4) participating productively in science (Duschl et al., 2007; Michaels et al., 2008). The first 
strand, understanding scientific explanations, focuses on interconnections among content knowledge and 
constructions of scientific explanations through the relationships of the ideas. The second strand, generating 
scientific evidence, encompasses the knowledge and skills needed for designing and evaluating scientific 
evidence. This strand heavily emphasizes “practices involved in carrying out a scientific investigation” 
(Michaels et al., 2008, p. 19). The third strand, reflecting on scientific knowledge, focuses on the nature of 
science. Specifically, it relates to understanding that scientific knowledge can be changed, restructured, or 
revised as new evidence arises. The fourth strand, participating productively in science, includes opportunities to 
partake in representing ideas and discussing representations of those ideas with others in the community. For 
more details regarding the strands of scientific profiencies and how they were used in our research, see the 
Science Proficiency Coding Rubric (Scogin, Ozturk, & Stuessy, 2013; Appendix A). 

These strands of scientific proficiencies are the “core concepts” of what is important in science. Additionally, 
"these strands may provide science education researchers with a general yet useful framework for examining 
what happens in science classrooms” (Minogue, Madden, Bedward, Wiebe, & Carter, 2010, p. 561). As a 
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teacher orchestrates authentic science practices, naturally occurring opportunities for students to participate in 
the strands of scientific proficiency emerge. However, just as art transcends the ages, so does teacher talk in the 
classroom. Through the “folk theory of inquiry,” teacher talk and reflection regarding authentic scientific 
practices tends to leave out “references to the epistemological bases of inquiry—talk of arguments tying data to 
claims, alternative explanations, the development of theories of natural phenomena” (Windschitl, 2004, p. 503). 

This epistemological absence is reflective of Strand 3 and the limited research explaining how teachers 
incorporate Strand 3. Much more research knowledge exists for how children perform in Strands 1 and 2 than 
exists for children’s performance in Strands 3 and 4 (Duschl, 2008). Other research on the strands supports these 
findings. For example, Minogue et al. (2010) discovered students spent “the bulk of their science time working 
within the realm of Strand 2 - Generating Scientific Evidence” (p. 571). Teachers need to orchestrate authentic 
science practices to include all the strands because “evidence suggests the development of proficiency is best 
supported when classrooms provide learning opportunities that interweave all four strands together in 
instruction” (Duschl et al., 2007, p. 37). Each strand is dependent on the other, and as students advance in one 
strand, it promotes the next strand (NRC, 2012). Similarly, as students advance in one phase of inquiry, it often 
guides them through the progressions of the other phases of inquiry. 


Phases of Inquiry 

For students to understand science, they must do science. Students “cannot comprehend scientific practices, nor 
fully appreciate the nature of scientific knowledge itself, without directly experiencing those practices for 
themselves” (NRC, 2012, p. 30). Students participate in inquiry as an authentic scientific practice. Through 
participation, they experience what it feels like to do science, understand scientific explanations, generate 
evidence, and participate productively in science. 

An inquiry cycle includes many different phases. Throughout the literature, the inquiry phases or scientific 
practices involved in authentic inquiry vary (for examples see Peterson, 2012). For the purpose of this paper, we 
focused on the phases of inquiry described by Peterson (2012). In her research, she defined eight phases of the 
inquiry cycle which included: a) Immersion , (b) Research Question , (c) Prediction , (d) Experimental Design 
and Procedures, (e) Observations, (f) Analysis and Results, (g) Conclusions and Explanations, and (h) Future 
Research and Implications of the Study (Peterson, 2012, p. 75; see Appendix B). 

Inquiry is based on learners generating their own questions (Etheredge & Rudnitsky, 2003). During question 
development, it is important for teachers to provide adequate time for students to manipulate and explore the 
variables in the system under study. This exploration, called Immersion, is extremely important and “set[s] the 
stage for framing researchable questions” (Etheredge & Rudnitsky, 2003, p. 39). 

The process of asking questions is essential to developing scientific habits of mind (NRC, 2012). As students 
transition from the Immersion phase to the Research Question phase, scaffolding from the teacher is critical. 
Teachers must help students understand scientific explanations (Strand 1) and enable students to use that 
understanding to build arguments. It is important for teachers to support curiosity and questioning so students 
can create researchable questions. Viilo et al. (2012) noted that students often struggled generating researchable 
questions and needed more frequent scaffolding from teachers. 

After students develop a researchable question, they proceed to make predictions about the phenomenon under 
study. The Prediction phase requires students to connect prior experiences to their knowledge of the target 
system (Krajcik et al., 1998). Throughout the Prediction phase, students must reflect on scientific knowledge 
(Strand 3) specifically as it relates to their understanding that predictions can be revised based on new evidence. 

Once students have explored variables of interest, decided on a question, and stated a prediction, they design 
their experiment. Experimental Design and Procedure highlights knowledge from Strand 2 - Generating 
Scientific Evidence. During this initial process of setting up the experimental design, teachers must make sure 
students understand the concept of replicability. Replicability, or repeatability, is a fundamental aspect of 
science emphasizing “that the basic tenet of scientific research is that an investigation has to be described clearly 
enough to allow others to do exactly the same thing” (Etheredge & Rudnitsky, 2003, p. 45). Providing details so 
that others can repeat the experiment is a form of Strand 4 - Participating Productively in Science - because it 
emphasizes appropriate norms for communicating to the scientific community. In addition to creating a detailed 
experimental design, the experiment must be appropriately developed to answer the question being asked (NRC, 
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2012). At this point in the cycle, teachers should help students identify "the relevant variables and [help students 
in] considering how they might be observed, measured, and controlled” (NRC, 2012, p. 59). 

After students have engaged in creating their experimental design based on their question and prediction, they 
move on to the Obsen’ation, Analysis, Conclusions and Implication phases of the inquiry cycle. Before starting 
Observation, it is important for teachers to explicitly state the need for record-keeping and the importance of 
collecting data in detail through journaling, making tables, and charting results (Etheredge & Rudnitsky, 2003). 
This again highlights strand 2 because it emphasizes the students’ understanding relating to generating scientific 
evidence (Michaels et al., 2008). 

Once students have collected data during the Obsen’ation phase, they use the data to develop explanations for 
their research question(s) in the Analysis phase. In order to analyze data, students must be able to recognize 
patterns or trends in their data, compare their data across other studies, and express any unexpected results if 
applicable (Peterson, 2012). The data must be presented in a form that will reveal patterns and relationships so 
that results can be communicated to others (NRC, 2012). The Analysis phase creates a clear transition to the 
Conclusion phase of inquiry. 

Within the Conclusion phase, students provide evidence and explanations consistent with the collected data, 
discuss limitations, and mention alternative explanations for their results (Peterson, 2012). These last two 
phases. Analysis and Conclusion, highlight each strand of scientific proficiency and are possibly the most 
complex phases in the cycle. Students engaged in the Analysis and Conclusion phases are understanding 
scientific explanations (Strand 1), generating scientific evidence (Strand 2), reflecting on scientific knowledge 
(Strand 3), and participating productively in science (Strand 4). Finally, by reflecting on their conclusions, 
students are able to state Implications of their research, including limitations and future revisions of the process 
(Peterson, 2012). This phase tends to focus on Strand 3 - Reflecting on Scientific Knowledge - because it forces 
students to be reflective of their own work as well as the work of others. 

For the sake of discussion, we have presented the scientific proficiencies and the phases of inquiry as a linear 
model, but we again emphasize the cyclical and interconnected nature of the strands and the phases. These 
complex interactions call for the teacher to scaffold students’ learning to increase “student sophistication in the 
skills and knowledge needed to design and conduct experiments” (Etheredge & Rudnitsky, 2003, p. 45). 

As the strands of scientific proficiency guide what students need to learn when doing science, the phases of 
inquiry progress students through the how-to processes of authentic scientific practices. Through this process, 
students depend on their teachers to skillfully scaffold their understanding and utilization of the science 
proficiencies as the students engage in the phases of inquiry. This intersection and skillful guidance is the art of 
“teacher talk.” Even though “a focus on the inquiry process is clearly evident in the prominent reform 
documents of the last decade... the practical application of full and complete science inquiry remains an elusive 
and daunting task for teachers” (Minogue et al., 2010, p. 562). Understanding how teachers orchestrate the 
intersection of the strands of scientific proficiencies through the art of teacher talk is critically important to 
advancing how future teachers enact inquiry instruction that promotes critical scientific understanding for 
students. 

This research describes how a teacher’s discussion of the strands of scientific proficiencies changed over the 
course of an inquiry cycle as students engaged in PS projects. Specifically, we asked the guiding question. How 
does the teacher’s discussion of each scientific proficiency change over the course of the inquiry cycle? Few 
researchers have directly examined the characteristics of teachers enacting this mode of instruction in science 
classrooms (Minogue et al., 2010). Our research is descriptive in nature and attempts to deconstruct the 
complexity of teacher talk in the classroom as related to the strands of science proficiency. 


Methods 

Analysis of 20 video-recorded sequential PS science lessons over a six-week time period allowed us to develop 
a deeper understanding of how a PS teacher scaffolds students' development of scientific proficiencies in the 
complex, collaborative, and technology-enhanced PS learning environment. The students were engaged in a 
seed germination module called The Wonder of Seeds in this PS implementation. 
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Context of Study 

Our research used the scientific proficiency strands as a lens to understand how a teacher orchestrated inquiry in 
a complex, technology-enhanced inquiry learning environment (i.e., PS) which is a blended curriculum 
developed by the Botanical Society of America (BSA). Used by over 11,000 students since 2005, PS mixes 
scientific inquiry, classroom instruction, and online mentoring by practicing scientists in an authentic classroom 
context. Students work in teams of 2-4 individuals and design, implement, and analyze their own inquiry-based 
experiments related to plants. While the PS program has used over 900 professional scientists and science 
graduate students worldwide as scientist-mentors, most of the orchestration falls on the shoulders of the 
classroom teacher. 


The Participant 

Amy (pseudonym), the teacher participant in this study, had 25 years teaching experience in science and taught 
middle school science using hands-on, inquiry-based teaching methods at a rural school in Texas, US. She 
participated in several PS summer professional development seminars and was familiar with the PS learning 
environment and how to implement it in the science classroom. After her second PS professional development, 
she volunteered to video record her inquiry module. The Wonder of Seeds. Her video recordings served as the 
data for the current analysis. Amy’s experience in the classroom, combined with her knowledge of PS 
implementation, was a leading reason for purposively selecting her classroom for the current study. 


Research Design and Data Collection 

This study used an exploratory sequential mixed methods design (Creswell & Plano-Clark, 2011). In the first 
phase of the study, the research team watched twenty recorded PS science lessons, transcribed the teacher’s 
comments about inquiry, and identified each class/lab’s phase of inquiry. This process helped us detect and 
identify the specific inquiry phases throughout the full inquiry sequence. In the second phase, the research team 
coded the teacher’s transcribed inquiry comments by using the Science Proficiency Rubric (Scogin et al., 2013; 
Appendix A). These codes were used to calculate Amy’s use of each scientific proficiency during the inquiry 
cycle. Figure 1 illustrates the research design, procedures, and products for each phase. 


Analysis 

Researchers used the Science Proficiency Rubric (Appendix A) to categorize the teacher’s talk into four 
scientific proficiency categories. These categories included: (a) understanding scientific explanations, (b) 
generating scientific evidence, (c) reflecting on scientific knowledge, and (d) participating productively in 
science. Doing so helped us develop a deeper understanding of the roles Amy enacted in scaffolding scientific 
proficiencies in this complex, collaborative, and technology-enhanced learning environment. Amy’s inquiry talk 
was independently coded by each researcher using the Science Proficiency Rubric. Percent agreement was used 
to calculate inter-rater reliability and between three coders inter-rater reliability was found 87%. Afterward, 
researchers discussed the codes and negotiated each code to reach full consensus. 


Procedures: 

-Watch 20 classroom/lab videos 
-Transcribe the teacher's inquiry 
comments 

-Identify each class/lab's 
inquiry phase 


Classroom videotape 
data collection 


Products: 
-Videotapes of 20 
classroom/lab experiences 
-Teacher transcripts of 
inquiry comments 
-Each class/lab's classification 
of inquiry phase 


Procedures: 

-Put the teacher's inquiry comments 
into four scientific proficiency 
categories 


Scientific Proficiency 
Analysis 

Products: 

- Calculation of the four 
scientific proficiencies' 
distribution for each 
inquiry phase 
and full inquiry cycle 


Procedures: 
-Discuss the role of 
the teacher in scaffolding 
scientific proficiencies in 
PS learning environment 



Products: 

-Discussion 

-Implications 


Figure 1. Mixed method research design for analyzing teacher scaffolding of scientific proficiencies 
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Results 

Amy’s references to scientific proficiencies during the inquiry cycle followed an iterative path. Throughout the 
inquiry cycle, Amy made references to all four scientific proficiencies. However, some proficiencies were 
emphasized more than others during certain phases of inquiry. Figure 2 illustrates how relative percentages of 
references to the four scientific proficiencies changed over the course of the inquiry cycle. During Immersion 
and Observation, one proficiency dominated the teacher’s discussions with the students. During Immersion, 
Amy focused on Understanding (Strand 1). In comparison, during the Observation phase, she referenced 
Generating (Strand 2) more often. Interestingly, during the Research Question, Experimental Design, and 
Conclusion phases, Amy emphasized two proficiencies almost equally; these were Understanding (Strand 1) 
and Generating (Strand 2) in the Research Question phase; Generating (Strand 2) and Reflecting (Strand 3) in 
the Experimental Design phase; and Reflecting (Stand 3) and Participating (Strand 4) in the Conclusion phase. 
These results indicate Amy altered her scaffolding of the scientific proficiencies as her students transitioned 
through the inquiry cycle. While these results indicate changes in Amy's scientific proficiency emphasis over 
the inquiry cycle, each of the four proficiencies was referenced at least 25 times over the course of the twenty 
observed days of class (Table 1). Overall, Amy made 139 references to scientific proficiencies. References to 
Understanding scientific explanations (Strand 1) were least common in her dialogue. The greatest number of 
comments related to Generating scientific evidence (Strand 2). 
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0 % 

IM RQ ED OBS C 

Figure 2. Percentages of each scientific proficiency in each inquiry phase within 100% stacked column format 
Phases of inquiry: IM = Immersion; RQ = Research Question; ED = Experimental Design and Procedures; OBS 
= Observation; C = Conclusion and Explanations. Strands of Science Proficiency: Understanding = Strand 1 
Understanding Scientific Explanations; Generating = Strand 2 Generating Scientific Evidence; Reflecting = 
Strand 3 Reflecting on Scientific Knowledge; Participating = Strand 4 Participating Productively in Science. 

The data in Table 1 provide additional insight into how Amy’s references to the scientific proficiencies changed 
over the course of the inquiry cycle. During the Immersion phase, she made the least number of references to the 
scientific proficiencies. Amy’s comments about proficiencies almost doubled during the Research Question 
phase and continued to increase in the Experimental Design phase. References to the scientific proficiencies 
began to wane during Observations and were even less common in the Conclusion phase. Interestingly, the 
overall pattern of scientific proficiency references simulates a bell-shaped curve with most emphasis occurring 
during the middle stages of the inquiry cycle and less at the beginning and end stages. 

Figure 2 shows percentages of the scientific proficiencies distributed across the inquiry phases. As mentioned 
previously. Understanding (Strand 1) was highly emphasized during Immersion. As the inquiry cycle 
progressed, references to Understanding steadily decreased with the exception of a slight increase during the 
Conclusion phase. Generating (Strand 2) followed a bell-shaped distribution with dialogue on this proficiency 
peaking during the Experimental Design and Observation phases. Reflecting on scientific data (Strand 3) spiked 
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during the Experimental Design and Conclusion phases. Dialogue about Participating productively in science 
(Strand 4) was slightly more common at the end of the inquiry cycle (i.e.. Observations and Conclusion phases) 
but overall showed less variation than the other three proficiencies. The interactions of the four proficiencies 
changed over the course of inquiry, thus illustrating the iterative nature of inquiry in the classroom. Amy altered 
her conversations and scaffolding of the scientific proficiencies as students transitioned from phase to phase. 


Table 1. Distribution of scientific proficiencies in each inquiry phase with total numbers and percentages 


Inquiry Phase 


Scientific Proficiency 




Understanding 

Generating 

Reflecting 

Participating 

Total (%) 

Immersion 

7 

3 

2 

3 

15(11) 

Res. Question 

9 

10 

3 

7 

29 (21) 

Exp. Design 

4 

17 

14 

6 

41 (29) 

Observations 

2 

15 

7 

9 

33 (24) 

Conclusion 

3 

2 

10 

6 

21(15) 

Total Comments (%) 

25 (18) 

47 (34) 

36 (26) 

31 (22) 

139 (100) 


Discussion 

This study investigated an increasingly important theme in science education research - the integration of 
scientific proficiencies in inquiry-based learning. We examined and explained, in an effort to make visible, the 
supportive practices used by one teacher in promoting scientific proficiencies while orchestrating a complex 
inquiry-based learning environment. By using both the scientific proficiency and inquiry lenses to examine 
Amy’s orchestration, our results detail the art of teacher talk for promoting the four strands of scientific 
proficiencies through the phases of inquiry and how the supports for the four strands change over time. As 
students transitioned from phase to phase in inquiry, each strand was emphasized differently, but all strands 
were present in Amy’s talk throughout the entire inquiry cycle. These findings support previous work stating the 
scientific proficiency strands and the inquiry phases are intertwined and connected (Duschl et al., 2007; 
Etheredge & Rudnitsky, 2003). 


Strand 1 - Understanding Scientific Explanations 

Figure 2 shows this proficiency was stressed at the beginning of the inquiry cycle during Immersion. When 
introducing scientific investigations, explicit understanding of scientific explanations is very important (McNeill 
& Krajcik, 2008). Amy included Understanding (Strand 1) in the Immersion phase by emphasizing the 
connection between students’ knowledge construction and creating a testable question. For example, Amy asked 
her students: 

What are some questions we have about seeds that you would like to answer when you do your 
experiment? That’s what we’re getting to. What kind of questions do you have and how do you answer 
that with an experiment? (Day 1 - Immersion phase) 

Additionally, Amy fostered increased understanding in her students by connecting their previous knowledge 
with the context of their upcoming inquiry study. For example, Amy had the following question/answer 
conversation with her students (Note: only Amy’s comments included): 

We just studied photosynthesis. Why do plants do photosynthesis? To make sugar. To make sugar for 
energy. Why do they need to do that?...water... carbohydrate... and sun light.. ..where do they get their 
food when they are inside the soil? (Day 3 - Immersion phase) 

The emphasis on Strand 1 decreased appreciably over the remainder of the inquiry cycle. Because there is a 
need to focus on understanding throughout the inquiry cycle, maybe teachers need help making content 
connections to the inquiry module or activity in the later stages of inquiry. Since Amy focused increasingly on 
process more than content in the later stages of inquiry, that may explain why there was an increase in teacher- 
centered direction when it came time for content assessment (Cavlazoglu, FeBlanc, Peterson, & Stuessy, 2013). 
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Based on our results. Strand 1 dialogue decreased and Strand 2 dialogue increased as students transitioned from 
Immersion to Research Question. The transition from the immersion experiences to asking general questions 
about the system “is among the most important parts of the inquiry unit and calls for considerable 
perceptiveness” (Etheredge & Rudnitsky, 2003, p. 40). Amy noted, “This was my students’ first time at starting 
with their own questions and coming up with a hypothesis so a lot of teacher-group discussion ensued as the 
groups worked through this process” (PS Teacher, 2012). This increased discussion to scaffold students could 
have been responsible for the steady increase in Strand 2 as students migrated to the Research Question and 
Experimental Design phases. 


Strand 2 - Generating Scientific Evidence 

Our results for Strand 2 mimic findings in Duschl (2008) and Minogue et al. (2010) that Strand 2 is the most 
heavily emphasized strand. Specifically, our results show that Amy emphasized this strand increasingly from 
Immersion to the Observation phase. Etheredge and Rudnitsky (2003) noted, “Throughout the research step, 
teachers should look for opportunities to teach benchmark lessons, which are aimed at increasing student 
sophistication in the skills and knowledge needed to design and conduct experiments” (p. 45). Amy’s emphasis 
on Strand 2, as seen in the following quotes, therefore, seems quite natural. 

When you get through getting your stuff together what is your job? ...Make sure you have written 
down with details. You need to work on a data table or you need a place to record data, what you are 
going to measure. Think about what you’re going to collect as data. (Day 9 - Experimental Design 
phase) 

I want to demonstrate to clarify for everybody what we mean when we say be specific... Here is the 
petri dish and here is the paper towel and I am going to put 30 seeds and then I put water in it. Did I 
follow the instructions? I put a paper towel in it, I put 30 seeds in it, I put water in it, did I do what they 
say? How can I do it right unless you tell me how to do it right? ...You need to say that in your 
instructions because another person reading it doesn’t know all that unless you tell them...do you see 
why I am talking about detail?... give enough detail so someone can do it just like you are going to do 
it... this is not our usual way of writing, this is like a recipe... we’ve got to put every detail in there. 
(Day 9 - Experimental Design phase) 

As your final set-up, you’re going to be collecting data. You’re going to be measuring seeds. You need 
to know what seeds you’re measuring each day, right? (Day 10 - transition from Experimental Design 
to Observation phase) 

Even with an increased emphasis on Strand 2 as students transitioned from Experimental Design to 
Observations, Amy noted students still struggled with that particular aspect of their assessment. In her 
reflections, Amy noted: 

The results of the open spiral tests were pretty good while the students struggled with the normal type 
assessment over how to design experiments and the related terminology. This is an issue I need to give 
some thought to this summer. 1 do not really understand why these particular terms are so much harder 
for the students to internalize. 

Within the context of their own experiments, students seemed to do okay on the terms, but they could also 
consult their own journals. Without the journals as references, the terms did not transfer. Future research is 
needed to examine students-teacher response dialogues and determine methods to facilitate better transfer of 
terminology during inquiry experiments. 

National reform documents have noted a “tendency to reduce scientific practice to a single set of procedures, 
such as identifying and controlling variables, classifying entities, and identifying sources of error. This tendency 
overemphasizes experimental investigation at the expense of other practices” (NRC 2012, p. 43). Additionally, a 
study by Talanquer, Tomanek, and Novodvorsky (2013) documented prospective teachers most often noticed 
students understanding as relating to question and hypothesis, designing and setting up experiments, and least 
noticed students understanding in inquiry relating to interpreting and evaluating data. Results from our study, 
however, indicated students still struggle with Generating scientific evidence (Strand 2) and not only need 
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scaffolding to develop experiments but also need help transferring applicable ideas from the context of their 
own experiments to other contexts. 


Strand 3 - Reflecting on Scientific Knowledge 

The results showed this strand was mostly emphasized during the Experimental Design and Conclusion phases. 
It is important to note the Conclusion phase within our study included what literature often refers to as 
implications. In other words, teacher talk about implications was included as part of the Conclusion phase in this 
study. When addressing implications, teachers typically emphasize Strand 3 (Reflecting). Our results followed 
this trend. Amy felt the need to have students revisit their studies and reflected on the validity of their results. 
Additionally, she encouraged students to think about how they might change their experiment in the future. 

While Strand 3 was emphasized more heavily during certain inquiry phases, Amy incorporated reflection 
throughout the inquiry cycle. She scaffolded students understanding of the “game of science” and often 
emphasized that reflection and revision were necessary throughout the inquiry cycle. Some examples of Amy’s 
incoporation of this strand are found in the following examples: 

So, if you came in tomorrow and you realize something is not the best, can you still change it? Yes! 
(Day 7 - Experimental Design phase) 

So that is kind of an issue, I really don’t think the lack of oxygen is a problem. We have done that kind 
of experiment before without a problem. Maybe the seeds were too wet at the beginning. We are going 
to do it this time where we are not soaking them, so hopefully that will take care of the problem. (Day 
14 - Observations phase) 

Are we absolutely sure that is the cause? Not necessarily, but if we do it with a lot of them and it shows 
that or we repeat it again and it shows that, then we are getting more and more evidence that there is 
some connection between the two. (Day 19 - Review day) 

Figure 2 reveals that Reflecting (Strand 3) was the most cyclical of the four strands discussed during teacher 
talk. Reflecting comments cycle up and down throughout the inquiry cycle. While based strictly on anecdotal 
evidence, this pattern suggests that Amy specifically emphasized reflection at various intervals during the 
inquiry cycle. As students proceeded through various phases, Amy had them reflect on their past experiences as 
they prepared to push to the next phase. Naturally, the greatest emphasis on Reflecting was at the end (i.e.. 
Conclusion ) as students considered the sum total of their inquiry experiences. 


Strand 4 - Participating Productively in Science 

This strand is often the most neglected by teachers (Michaels et al., 2008). While not the least emphasized in 
this study, our results indicated Strand 4 was minimally emphasized throughout the phases of inquiry (see Table 
1). To incorporate Strand 4, Amy focused on emphasizing group work and appropriate ways to communicate 
scientific information. Examples from Amy’s teacher talk promoting this strand included: 

In your groups, decide what question you want to address in your experiment. (Day 6 - Research 
Question phase) 

In the other classes, we never looked at our computers and checked our responses. But today, I would 
like one person from each group to do computer after I’ve gone over the stuff. That way, you will have 
their [scientists’] input before you start actually getting your stuff together. (Day 7 - Experimental 
Design phase) 

At this point your instruction should be clear enough and detailed enough so someone else can take 
your instructions and follow them and do it just like you did... (Day 8 - Experimental Design phase) 

Make sure that everybody gets the data in their spiral. Work together as a group after we go check on 
our stuff. (Day 16 - Observations phase) 
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In addition to group work and shared discussions in the class, students were able to participate productively in 
science through online discussions with scientist-mentors through the PS platform. These discussions were not 
part of this study, but they represent students participating productively in science. Additionally, Amy often 
encouraged students to post on the platform. These references to the platform were used in a separate analysis of 
teacher orchestration (see Cavlazoglu et al., 2013), but they were not counted towards Participating 
productively (Strand 4). The decision to not count these references to the platform as representative of Strand 4 
denote a limitation that could have altered the overall levels of Strand 4 teacher talk found in this study. 

Participating productively includes "the motivation and attitudes that provide a foundation for students to be 
actively and productively involved in science classrooms” (Michaels et al., 2008, p. 21). As seen in research 
completed by Scogin and Stuessy (2013), scientist-mentors may play a more significant role in motivating 
students in PS than do teachers. While teachers are involved in orchestration of the learning environment, 
assessment of student learning, and other day-to-day tasks in the classroom, scientists are free to simply engage 
students in conversations about science. Many students involved in PS tend to enjoy the interactions with 
scientists, thereby Participating productively in science. 

In her reflections (PS Teacher, 2012), Amy recognized the need for scaffolding students to "understand 
appropriate norms for presenting scientific information” (Michaels et al., 2008, p. 21). She acknowledged her 
struggles and stated she would like to incorporate more scaffolding for participating productively in science, 
noting that students struggled in recording their thoughts clearly. She wrote: 

I was pleased to see she [a student] used some terminology - “epicotyl” as she recorded observations. 
One thing we need to work on is putting more detail but also just putting thoughts and personal 
questions. I would like to see their journals as a running thought stream. I think I could show some 
samples of older students work or some examples from real scientists. (PS Teacher, 2012) 


Conclusion 

In this study, we "made visible” (Viilo et al., 2012) the discourse practices promoting scientific proficiency by 
examining how one teacher talked about the strands of scientific proficiencies through the phases of an inquiry 
cycle. Amy, the teacher in our study, used the art of teacher talk to guide “discussions by asking students to 
make their meanings clear, to explore various points of view in a neutral and respectful manner, and to monitor 
the discussion and their own thinking” (van Zee, Iwasyk, Kurose, Simpson, & Wild, 2001, p. 183). Since 
teachers play a vital role in developing students’ understanding of science as both content and process, this 
research helps us recognize and describe strategies promoting greater scientific proficiency in students. 

Proficiency in the art of inquiry orchestration takes years of practice and concentrated professional development 
(PD) sessions. Even experienced teachers lack confidence in their abilities to orchestrate and scaffold student 
learning. In this study, Amy, a 25-year veteran teacher with extensive PD experience in PS, indicated she still 
needed support in how to encourage and help students understand scientific inquiry and scientific proficiencies 
(PS Teacher, 2012). All teachers, regardless of their experience and training, need continuous PD opportunities 
throughout their careers (Windschitl, 2004), especially in emerging technology-enhanced learning 
environments. These PD opportunities need to be connected to curriculum, tied to authentic research, integrated 
within the scientist community, and sensitive to students’ needs. 

Recent national initiatives in science education call for teaching that engages learners in authentic scientific 
practices and supports development of scientific proficiencies (NRC, 2012). Recognizing the challenges of these 
initiatives, policy makers understand the "need to learn which scientific practices are likely to pose significant 
challenges in terms of teacher knowledge with regard to content and pedagogy” (NRC, 2012, p. 316). As these 
areas are discovered and specific challenges documented, targeted PD opportunities can be developed to help 
teachers scaffold science learners. Classroom-based research projects, such as the current study, help describe 
what teachers are doing now to facilitate student integration of the scientific proficiencies through inquiry 
learning. This research also points to areas that teachers, such as Amy, need and/or want additional help. 
Relevant classroom-based research, such as this study on teacher talk, provide the necessary information to 
promote positive change in our science classrooms and increase the integration of the scientific proficiencies in 
authentic inquiry learning contexts. 
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Appendix A: Science Proficiency Coding Rubric 1 


E - By assisting students in UNDERSTANDING SCIENTIFIC EXPLANATIONS, e.g., 

1. To know, use, and interpret scientific explanations 

2. To understand interrelationships among concepts 

3. To use interrelations to critique scientific arguments 

4. To learn the facts, concepts, principles, laws, theories and models of science 


G - By assisting students in GENERATING SCIENTIFIC EVIDENCE, e.g„ 

1. To generate evidence 

2. To evaluate evidence 

3. To build and/or refine models and explanations using generated evidence 

4. To design and analyze investigations 

5. To construct and defend arguments with evidence 

6. To master the conceptual, mathematical, physical and computational tools to construct knowledge 
claims 

7. To carry out scientific investigations 

8. To engage in the processes of science (i.e., to ask questions, develop measures, collect data, etc.) 


R - By encouraging and assisting students in REFLECTING ON SCIENTIFIC KNOWLEDGE, e.g., 

1. To understand that scientific knowledge can be revised 

2. To track and reflect on their own ideas as they change 

3. To understand the nature of science 

4. To understand how scientific knowledge is constructed 

5. To understand that evidence and arguments are based on evidence as generated 

6. To reflect on the status of their own knowledge 

7. To experience what it feels like to do science 

8. To understand what the game of science is all about 

9. Understand that science is a search for core explanations and connections between them 

10. To value explanations as they account for available evidence 

11. To value explanations in generating new and productive questions for research 


P - By encouraging and engaging students to PARTICIPATE PRODUCTIVELY IN SCIENCE, e.g., 

1. To skillfully participate in a scientific community in the classroom 

2. To master productive ways to represent ideas 

3. To master productive ways to use scientific tools 

4. To interact with peers about science 

5. To understand the appropriate norms for presenting scientific arguments 

6. To practice productive social interactions with peers in the context of classroom investigations 

7. To demonstrate motivation and attitudes to engage actively and productively in science classrooms 

8. To emphasize doing science and doing it together in groups 

9. To share ideas with peers 

10. To build interpretive accounts of data 

11. To work together to discern which accounts are most persuasive 
'Adapted from Ready, Set Science! 
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Appendix B: Online Elements of Inquiry Checklist (Peterson, 2012) 


Team Code 


Summary Table 

Online Evidence 

Discussant 

Source 

Student 

Scientist 

Teacher 

Other Student 

Discussion 

Journal 

Data 

Summary 

Additional 

Which of the following were 
included in the electronic records for 
this team's inquiry project? 











Total number of posts for 
each type of discussant 

Check box if record is 
present 


Immersion or Setting the Stage 

Online Evidence 

Discussant 

Source 

Student 

Scientist 

Teacher 

Other Student 

Discussion 

Journal 

Data 

Summary 

Additional 

Is there mention of information-gathering 
efforts (e.g.. prior knowledge and or experiences 
such as hands-on immersion activities, video- or 
audio-recordings, demonstrations, readings, 
discussion with scientists) that occurred before 
students posed their research question? 










Is there mention of prior knowledge or 
experiences that enabled the learners to question 
the relationships between variables? 











Research Question 

Online Evidence 

Discussant 

Source 

Student 

Scientist 

Teacher 

Other Student 

Discussion 

Journal 

Data 

Summary 

Additional 

Is the research question appropriate for the 
context of the study? 










Are variables of interest observable and or 
measurable? 










Is there explicit evidence that the research 
question is tied to prior knowledge or experience? 










Is there evidence that students chose their own 
research questions? 










Can the research question be answered within the 
scope and boundaries of the inquiry setting? 










Is the research question logically linked to a 
prediction, hypothesis, or expectation? 










If the question is causal in nature, is the research 
question testable through a scientific 
investigation? 










If the question is causal, is a relationship between 
the variables the focus of the research question? 











Prediction 

Online Evidence 

Discussant 

Source 

Student 

Scientist 

Teacher 

Other Student 

Discussion 

Journal 

Data 

Summary 

Additional 

Is there evidence that the learners have 
considered possible or probable outcomes to their 
investigation? 










Is there evidence that a projected outcome (i.e.. 
prediction, hypothesis, or expectation) is based 
on prior knowledge or experience? 










Is the predicted outcome reasonable in light of 
the research question that is being asked? 
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Experimental Design 

and Procedures 

Online Evidence 

Discussant 

Source 

Student 

Scientist 

Teacher 

Other Student 

Discussion 

Journal 

Data 

Summary 

Additional 

Did the research design enable the learners to 
answer their research question? 










Is there evidence that students themselves 
developed research methods? 










Is there a description of research methods in 
enough detail so that another research group 
could replicate them? 










Did the learners mention confounding variables? 










Are controls of variables mentioned? 










Is there mention that the learners controlled for 
possible sources of error in their observation 
methods? 











Observations 

Online Evidence 

Discussant 

Source 

Student 

Scientist 

Teacher 

Other Student 

Discussion 

Journal 

Data 

Summary' 

Additional 

Is there evidence that research events were 
recorded? 










Did the learners describe what they observed? 










Are data tables included in the inquiry project? 










Did the learners describe or discuss the data 
table(s)? 










Did the learners provide visual displays of their 
data such as graphs, charts, or pictures? 










Did the learners describe or discuss the visual 
displays? 










Do the visual displays follow accepted 
conventions (labels, legends, units of measure, 
accurate format)? 











Analysis and Results 

Online Evidence 

Discussant 

Source 

Student 

Scientist 

Teacher 

Other Student 

Discussion 

Journal 

Data 

o 

ea 

E 

E 

3 

C/3 

Additional 

Did the learners mention patterns or trends in the 
data? 










Did the learners compare data across multiple 
studies from other student groups? 










Did the learners mention unexpected results? 










Was the data used to answer the research 
question? 
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Conclusions and Explanations 

Online Evidence 

Discussant 

Source 

Student 

Scientist 

Teacher 

Other Student 

Discussion 

Journal 

Data 

£ 

£ 

£ 

3 

C/3 

Additional 

Are the conclusions of the experiment connected 
to the data that was collected? 










Are the conclusions consistent with the data that 
was collected? 










Did the learners support ideas about causality 
with data? 










Is there mention of alternative explanations? 










Did the learners compare their results to other 
studies’ results? 










Did the learners discuss the limitations of their 
research? 










Did the learners justify their conclusions using 
data? 










Is there evidence of an expressed model or 
knowledge claim that explains relationships 
among variables with the natural phenomenon 
under investigation? 











Future Research and Implications 
of the Study 

Online Evidence 

Discussant 

Source 

Student 

Scientist 

Teacher 

Other Student 

Discussion 

Journal 

Data 

n 

£ 

£ 

3 

C/3 

Additional 

Did the learners discuss the implications of their 
study? 










Is there mention of possible study revisions? 
















































